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•
Crystal-structure determ

ination 
- pow

der diffraction w
ith closely separated Bragg peaks 

 
•

Sm
all lattice-param

eter changes during (quantum
) phase transitions 1 

 
•

W
eak m

agneto-elastic effect 2 
 

•
M

aterials / engineering science 3,4  
- precise value of lattice param

eter 
- shape of Bragg peak 
→

 info about different types of m
icroscopic stresses (defects / m

ore phases) 
 

internal stress in large-Young’s-m
odulus m

aterials (ceram
ics) 

 
lattice m

isfits in m
ulti-phase m

aterials 

1 Pfleiderer et al., Science 316
 (2007)1871 

2 M
artin et al., J. Phys.: Conf. Series 340 (2012) 012012  

3 Lucks et al., Appl. Cryst. 37
 (2004) 300 

4 Repper et al., Acta M
aterialia 58

 (2010) 3459 
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Constant-w
avelength diffractom

eters (reactors) 

•
Resolution is highly scattering-angle dependent  1,2 

•
H

igh resolution                    for lim
ited d-spacing range 
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Tim
e-of-flight diffractom

eters (spallation sources) 
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Q
 resp. d range depends on  

- w
avelength range 

- and scattering angle 
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polariser aligns  
neutrons in y-direction 

 
analyser m

easures <
cos ϕ>  

H
ow

 does it w
ork?  U

sing Larm
or precession of polarised neutrons 
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H
igh resolution, decoupled from

 divergence and m
onochrom

aticity 
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N
eutron w

ith in-plane spin and velocity v transverse  
parallelogram

-shaped perpendicular m
agnetic field B

 
        →

 accum
ulated Larm

or phase: 

L
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H
igh resolution, decoupled from

 divergence and m
onochrom

aticity 
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 •
Consider reflecting planes parallel to face of m

agnetic field regions 
•

Larm
or phases ϕ

1  and ϕ
2  only depend on  

•
Independent of beam

 divergence and m
onochrom

aticity ! 
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 •
M

isalignm
ent w

ith angle α
 results in deviation of order α

2 
    

•
For single crystals: resolution determ

ined by m
isalignm

ent  
•

For poly-crystals: determ
ined by divergence of incom

ing and reflected beam
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W
ith analyser dow

nstream
  

second precession field 
the intensity m

easured is 
       period  →   
lattice spacing d 
 envelope  →  
peak shape  
m

ultiplied w
ith resolution function 
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Calculations  
 •

tw
o lattice spacings: d =

 0.2 and 0.5 nm
 

•
both w

ith distribution ∆d/d =
 5 10

-3 



12 
Challenge the future 

LA
R

M
O

R
 D

IFFR
A

C
TIO

N
 

Technical realisation 

•
N

RSE (FLEX, H
M

I; TRISP, FRM
2) 

•
N

RSE (prototype, D
elft; O

ffspec/Larm
or, ISIS) 

•
W

ollaston prism
s (Indiana U

niv / O
RN

L / ISIS)  
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Technical realisation 

•
N

RSE (FLEX, H
M

I; TRISP, FRM
2) 
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Technical realisation 

•
N

RSE (FLEX, H
M

I; TRISP, FRM
2) 

(
)

0
resonance condition:  

-flip condition: 
R

R B
hm

l
B

ω
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π
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γ
π

=

=

FLEX: 
first LD

 experim
ent 

 
Rekveldt et al., Europhys.Lett. 2001 

TRISP: 
m

ost LD
 experim

ents 
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Technical realisation 

•
N

RSE (prototype, D
elft; O

ffspec/Larm
or, ISIS) 

D
elft: 

first single-arm
 LD

 experim
ent 

 
Rekveldt et al., J.Appl.Cryst. 2013 

Larm
or: first LD

 experim
ent: spring 2018 
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Technical realisation 

•
W

ollaston prism
s (Indiana U

niv / O
RN

L / ISIS)  

G
roup of Roger Pynn uses a set of triangular superconducting W

ollaston prism
s 

to construct a precession region. By choosing the different m
agnetic fields an 

effective tilt angle can be set. 

4
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F. Li, R. Pynn, J. Appl. Cryst. 47
, 1849, (2014) 
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Exam
ples 

Fundam
ental science: single crystal of M

nSi 

C. Pfleiderer et al, Science 316
 (2008) 1510 

0 
50 

T (K) 
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M
aterials science: different types of Inconel   

Absolute lattice spacing 
CN

D
: conventional 

 
LD

: Larm
or 

           (accuracy calibration sam
ple) 

J. Repper et al, Acta M
ater. 58

 (2010) 3459 

5
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4
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∆
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⋅
Fluctuations in d values 
single-phase sam

ples:  
different size / different heat treatm

ent 
         m

ulti-phase sam
ples:  

different values for different phases 
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Exam
ples 
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D

ouble-arm
 geom

etry 
problem

atic for m
agnetic 

sam
ple / sam

ple environm
ent 

Solution: 
Single-arm

 geom
etry 

 D
raw

back: 
N

o com
pensation 

for  
1

2
k

k
⊥

⊥
>
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again:  align the crystal plane under investigation  
 

parallel to face of precession region 
    →

 now
 sensitive to m

isalignm
ent α

 in first order  
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Resolution for single crystals 
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Resolution for polycrystalline m

aterials 
 W

e now
 define all the angles 

w
.r.t. the face of the precession region: 

 Incom
ing angle: 

nom
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real 
Reflected angle: 

nom
inal 
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Resolution poly-crystals 
 

Resulting in a precession angle (1
st order ∆θ, ∆φ) 

    and d-spacing resolution 
   The contribution of the incom

ing divergence can be cancelled (1
st order) 

by the focussing condition 
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Focussing condition for polycrystalline m

aterials 
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Focussing condition 

poly-crystal 
single crystal 

influence divergence  
of incom

ing beam
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Exam

ple, Si(111) perfect single crystal 

W
ollaston prism

s, PTAX, H
IFR, O

ak Ridge 
λ =

 2.46 Å, θ
B  =

 23.3
o 

Fankang Li, …
., Roger Pynn, Sci. Rep. 7

 (2017) 865 

0      15.3     17.8     19.3    21.3    23.3    25.3     27.3     29.3      31.3       33.3
θ

0
θ

Li, …
Parnell, Keller, …

Pynn, Sci. Rep. 7
 (2017) 865  
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Exam

ple, G
e(311) perfect / m

osaic single crystal 

van W
ell, Rekveldt, Keller 

Larm
or diffractom

eter TRISP, FRM
2 M

unich 

collim
ator  

20
/60

θ
′′

′′
∆

=

0
θ

2
B

θ

collim
ator  

20
/60

φ
′′

′′
∆

=

bender polariser

•
determ

ine resolution as 
a function of θ

0   
 for fixed Bragg angle θ

B  =
 55

o 
and different divergences 
of incom

ing and scattered beam
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Exam
ple TRISP 

m
easuring m

ethod for exam
ining one Bragg peak: 

•
11 BL-point 

•
BL can be expressed in Larm

or phase 
•

around these points interval  
covering 1 period → am

plitude 
•

determ
ine dam

ping 
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Exam

ple, G
e(331) perfect / m

osaic single crystal 

van W
ell, Rekveldt, Keller, prelim

inary results 

Larm
or diffractom

eter TRISP, FRM
2 M

unich 

dots: experim
ental results 

black: η=
0, ∆

θ
coll =

18, ∆
φ

coll =
6 m

rad 
red: η=

8.4, ∆
θ

coll =
18, ∆

φ
coll =

6 m
rad 

green: η=
8.4, ∆

θ
coll =

6, ∆
φ

coll =
6 m

rad 

lines: calculations 
black: η=

0, ∆
θ

coll =
7.1, ∆

φ
coll =

5 m
rad 

red: η=
8.4, ∆

θ
coll =

7.1, ∆
φ

coll =
5 m

rad 
green: η=

8.4, ∆
θ

coll =
5, ∆

φ
coll =

5 m
rad 
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Exam

ple, Al(311) poly-crystal 

van W
ell, Rekveldt, Keller, prelim

inary results 

Larm
or diffractom

eter TRISP, FRM
2 M

unich 
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 •

single-crystals: in focussing condition 
resolution sensitive to first order m

isalignm
ent α

 
(for double-arm

 geom
etry ~ α

2) 
 

•
poly-crystals: in focussing condition  
resolution sensitive to first order divergence scattered beam

 
(can be m

ade sm
all by sm

all sam
ple diam

eter and detector-pixel size) 
resolution sensitive to second order divergence incom

ing beam
 

 
•

if precession region only in scattered beam
 

focussing condition cancels first order divergence scattered beam
  

  

φ∆

2
θ∆
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com

paring resolution  

•
Engin-x values for divergences are used, i.e. 
(distance sam

ple-detector 1.5 m
, 3 m

m
 sam

ple, 3 m
m

 detector pixel) 
 

•
N

ote that Larm
or diffraction is not sensitive  

for tim
e-of-flight resolution 

0.006
0.002

 ,  
θ

φ
∆

=
∆

=

t
t

∆

o
0

63.4
θ

=
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6
10

d
d

−
∆

≈
•

The Larm
or diffraction (LD

) technique, especially double-arm
 LD

,  
has extrem

ely good resolution, dow
n to 

•
For m

agnetic sam
ples single-arm

 LD
 is a good alternative. The resolution is not  

as good as LD
-D

AG
, but better than conventional neutron diffractom

eters.  
 

•
Com

parison LD
 at reactor source  ↔

  spallation source: 
-  Since the sam

ple acts as a m
onochrom

ator the intensity for the w
avelength  

 
probed, w

ill in general be m
uch higher for a reactor source (not for ESS!) 

- 
on the other hand: at a spallation source m

any Bragg peaks are probed 
 

sim
ultaneously, in different tof-intervals. 

 
→

 =
 

in 2-phase system
: precise d-spacing and distribution for both phases 

 
 

=
  Q

-dependent line broadening: grain size ↔ m
icro-strain contributions 

 
 

=
  m

ore lattice planes →
 info about anisotropic strain 

 
 

=
  separate tw

o overlapping Bragg peaks 
 

•
LD

 is a Fourier technique: w
ell-suited for studying one or a few

 Bragg peaks, 
not suited to dissolve m

any Bragg peaks, in particular the low
-intensity peaks. 

Sim
ilar to Fourier Chopper – RTO

F technique (e.g. FSS G
KSS), but w

ith better  
resolution and no high-speed m

echanical com
ponents.   
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